Since the 1950s, regional scientists have been interested in the industrial structure of regional economies and the location decision-making of firms and their establishments grouped as industries. In North America and elsewhere, as responsibility for economic development has devolved onto state/provincial and local governments, researchers and policymakers have developed analytical and decision-making tools to identify key industries and nurture, attract and retain firms within them. In this paper, we challenge the narrowness of this industrial focus by exploring the semi-autonomous role of regional labor force formation in regional economic development.
We first review how spatial division of labor theories, around for several decades, suggest that the occupational structure of an industry in core regions, where management and innovation reside, may differ substantially from the occupational structure of the same industry in other regions. We challenge the notion that only industry managers make important decisions about the location of productive activity, positing that workers also choose where to live and work in a calculus where firm or industry presence and job offers form only one of several decision criteria. Our basic contention is that an adequate understanding of the spatial differentiation of industries and their activities requires occupational as well as industrial intelligence.
Using occupations as a counterpart to industries, we investigate the extent to which industries in metropolitan regions share similar occupational profiles.
We report the results of two exercises on the occupational variation of industry employment across regions, one using employer-based data sources for all industries and occupations among a limited set of California metros, and one using worker-based data sources for the cultural industries and the occupation of artist for a subset of large US metros. While industries with routinized production processes often do possess occupational structures at the metro level similar to state and national patterns, this is not the case for the more innovative industries such as high tech, business services, and the information and creative sectors.
To explore the location calculus of workers as important agents in regional economy-building, we test several propositions about the inter-relationship between artists as a key occupational group and cultural industries across our metro set. We suggest that in occupations with high rates of self-employment, such as artists, factors other than employers' job offers or cultural industry presence may shape workers' location choices among metros.
Our findings have important implications for industry researchers and economic development policy. Regions aspiring to sectoral specializations must also understand the extent to which activities in their region fit into a larger regional and global division of labor. Analyses of occupational structures of existing and target industries can inform public investment choices. If the formation of distinctive economic sectors consists of semi-autonomous decisionmaking by workers and managers, an effective economic development strategy must take into account the location calculus of both sets of agents.
I. Theories of Industrial and Labor Force Formation at the Regional Level
No one ever "sees" a regional economy. Instead, we have mental maps based on conceptual categories that implicitly treat certain decision-makers as key to economic development (Markusen and Schrock, 2008b) . The two most common typologies used to depict regional economies group jobs by industry and by occupation (Harrington, 1999) . However, the industrial conception of a regional economy is older and much more heavily used, a geneology we have explored elsewhere (Barbour and Markusen, 2007) .
The seminal case for using occupations in addition to industries in regional analysis was made by Thompson (1985, 1987) . They argued that important insights could be had by looking at what workers do (occupations, defined by skills) rather than simply what they make (industries, defined by product output). Few scholars picked up on the idea until the late 1990s, when several efforts made unique contributions independently. Florida (2002) argued that skilled workers are attracted to certain urban amenities and that their presence, in turn, drives high tech location. Feser (2003) argued that inputoutput relationships were not the only or most productive way to group related industries into clusters and used a skills-based data set to do so. In a subsequent paper , he and his colleagues showed that grouping industries by labor content rather than value chains produced very different configurations. Markusen (2004) articulated a series of causal hypotheses about why and how occupational structures are increasingly diverging across and within industries. In subsequent work, Markusen and Schrock (2006) showed that certain occupational groups are highly skewed across US metropolitan regions and that such skewness has increased over two decades. Koo (2005) applied occupational analysis to regional economic structure, while Beyers (2007) explored an occupational approach to clustering producer services activities.
Very little work, however, has been devoted to understanding the intersection between industry and occupational approaches, either theoretically, as a way of understanding location decision-making, or empirically, by understanding how the two taxonomies vary in their sorting of regional economic activity. In this paper, we attempt both.
II. Does the Occupational Structure of an Industry vary across Regions?
If occupational structures of industries are invariant across regions, then researchers and policymakers need not conduct independent analyses by occupation to plan for firm expansions or relocations or to forecast future labor demand, though occupational intelligence would still be useful in understanding firm location preferences. There are good theoretical arguments that occupational composition will vary spatially, best articulated in the well-developed I analyses of the inter-regional division of labor and commodity chains ( (Frobel et al, 1979; Massey, 1984; Markusen, 1985; Saxenian, 1994; Gereffi and Korzeniewicz, 1994) . For many mature industries (steel, textiles, chemicals) at certain spatial scales (e.g. within the US), industries' structures of employment by occupation do not differ much across regions. But our research finds important variations in key industries.
In a study of eleven California metros in the 1990s, we found that occupational structures in information technology industries and business services varied markedly among the metros and from the national norm (Barbour and Markusen, 2007) (NTS), 1983 (NTS), -1998 , for 93 occupations and 181 industry categories. Overall, we found that using national occupation by industry averages closely predicted overall occupational employment, with only 5% of employment, or about 585,000 jobs, across the eleven metro set not accurately projected.
But for industries of great interest to economic developers, the high tech and innovative sectors, this method was a poor predictor of occupational structure. In the information technology and business services (the latter including computer and data processing), employment levels for many occupations were severely under-estimated (Table 1 ). In information technology sectors, more than one third of natural scientists were under-predicted in the San Francisco and Oakland metros, and more than one third of engineers were missed in San Jose.
i The ranks of service and precision workers were overestimated in this industry in the Bay Area region, often by quite large increments.
In business services, engineering and computing workers were also underestimated by a third or more, while service workers were over-estimated.
In San Jose, actual totals of clerical and sales workers in business services were seriously over-estimated, while precision workers -people doing prototypes and advanced manufacturing -were under-estimated.
Metro differentials in innovative industries' occupational structures can also be viewed by comparing how certain occupations are over-or underestimated in each region given national norms ( Heilbrun, 1987; Wassall and Alper, 1985) , and their rates of self-employment are much higher (Markusen and Schrock, 2006) .
In 2000, there were about 843,000 employed (including self-employed) artists in the US, accounting for about 0.6% of the workforce (Markusen, Wassall et al, 2008 , Table 3 ). sample that permits disaggregation by occupation and industry down to the county level and below (see Markusen and Schrock, 2008a , for a user-friendly discussion of data quality and statistical reliability issues in using the PUMS data set for spatial analysis). The Census PUMS data set is under-explored for investigating industry and occupational employment patterns at various geographical scales.iii It records data on the basis of where people live rather than where they work (not a problem at a metro-scale analysis), and it includes self-employed workers who are not included in employer-based data sets. iv In addition to self-employed and miscoding problems, employment totals from the two sources will differ because employer-based sources count every job, so that moonlighting workers will be counted twice while Census totals include only the primary occupation of respondents.
We created a set of 22 metropolitan areas (PMSAs) to scrutinize. We first Petersburg (Markusen and Schrock, 2006) , and added several smaller metros with known outstanding pools of artists in one or more disciplines: Albuquerque, Austin, New Orleans, Santa Fe. For the correlation analysis below, we expanded the set to 30 metros. Artistic concentrations, denoted by location quotients, for all 30 metros are arrayed in Table 3 . In this section, we explore the extent to which these differentials appear to be explained by the presence of cultural industries in each region.
We use the Census rather than employer-based data to chart artists' spatial and industrial distributions because self-employment levels among artists are very high, many times the national rate of 8% (Table 4) (Table 5) . Even in cities where writers' formal employment rates are high-Minneapolis with its large educational publishing industry, Washington with its huge public sector and public interest organizations, and Kansas City with Hallmark Cards-writers' ranks are under-estimated by nearly 2 to 1 or more.
These differentials are particularly remarkable since the Census asks only for primary occupation (and thus misses the 15% of the writers identified in the CPS as self-employed as a secondary occupation) while employer-based data sources will count a dual-job person twice.
B. Defining Cultural Industries
We defined a set of cultural industries at the national level, based both on qualitative knowledge and on cultural content as revealed by occupational concentrations. We ranked all 3-digit industries at the national level by the absolute numbers of artists that they employ and the shares of their workforce accounted for by artists. We chose to include those industries (N = 20) that employ more than 6000 artists, a set that accounts for 84% of the nation's employed artists (Table 6) . v This cutoff ensures that we have enough artists in each industry at the national level to be confident of the estimates.
But industries are not equally sized. Huge numbers of artists in a large industry may not account for a very large share of that industry's employment.
The industries in this set vary from those with very high shares of artists in their employment ranks, especially compared to the national norm of 0.65, to those with several that are below the national average: other recreation, restaurants, K-12 schools and computer systems design (Table 6 ). However, because some of these industries are significant employers of particular disciplines (restaurants for musicians, management, scientific consulting services for writers), we chose not to eliminate them in the first instance. We also looked at smaller industries to see if there were any with very large shares of artists in their workforce.
However, since we did not find any additional industries where artists comprised more than 3% of employment, we chose to leave them out.
Our use of artistic occupations to identify cultural industries is analogous to the use of scientific and engineering occupations in defining high tech industries (Markusen, Glasmeier and Hall, 1986) . It is interesting to compare this method with other conceptual and impressionistic definitions (Hesmondhalgh, 2002; Power, 2002; Pratt, 1997; Pratt, 2004 and Wassall, 2008; Beyers et al, 2004) . Elsewhere, we debate the theoretical rationales and empirical problems posed by sectors such as religion, fashion, education, sports and even auto manufacture in defining cultural industries (Markusen, Wassall et al, 2008) .
C. Does Cultural Industry Presence Explain Artist Distributions among Metros?
Spatial occupation by industry patterns can be studied either by mapping occupations in regions onto industries or by starting with cultural industries and exploring their occupational structures among regions. We previously investigated the metro distribution of artistic occupations among industries and found large differentials (Table 7) . For instance, the motion picture/video industry accounts for 20% of visual artists in Los Angeles compared with just 3% in the US as a whole, and the advertising industry accounts for three times as large a share of visual artists in Chicago as it does nationally. We can speculate that these patterns can be explained in large part by the differing incidence of cultural industries among regions.
In this current exercise, we use an industrial rather than occupational entry These are sizeable differences. Summing over the ten metros where they were under-estimated, more than 11000 writers would have been un-accounted for had their presence been estimated by national industry by occupation composition. Summing over the nine metros where performing artists were similarly underestimated, almost 23000 would be missing. In 13 of the metros, more than half the set, the numbers artists in at least one discipline would be under or over estimated by more than 25%. If, however, we disaggregated the industry set to look more closely at component industries, we might find a closer fit. We intend to do this in a further exercise, breaking out motion pictures, sound recording and several other industries. (Our work so far suggests that the various cultural industries do not cluster together in any systematic way across space.)
These patterns reflect overall artistic specializations across metros (Table   3 ). Our results suggest that cultural industries alone, even with residual "independent, performing arts and sports" category included, do not explain the full extent of these differentials. We conducted sensitivity analysis on the choice of cultural industries by eliminating the large industries in our set with below-national-average shares of artists: restaurants and other food services, computer systems design and related services, and elementary and secondary schools. We found almost no difference in over-and under-estimates of artists' presence by doing so. This suggests that a more restricted set of cultural industries can reasonably be used as a proxy for the presence of artist-employing industries in regions.
We also eliminated the industry category "independent artists, performing arts, spectator sport and related" from the exercise. This "industry" accounts for 31% of all artists working in the 20 cultural industries nationally, so its exclusion might be expected to influence the size of over and under-estimates. If this industry group reflects the same compositional variation as other industries, then the numbers should simply moderate. We found this to be the case for many of the metros. Eliminating this industry resulted in national norm-generated estimates of metro artists closer to actual Census estimates, often substantially, though in some metros, an under-estimate became an overestimate or viceversa (Table 10) . Under-estimates fell most in absolute terms for New York, Los
Angeles and San Francisco/Oakland, but their unaccounted-for artists remained high (all more than 10%). Over-estimates shrank most for Detroit and Chicago.
For two metros, however, Washington DC and Seattle, norm-generated overestimates were larger than when the independent/performing arts industry was included. This reveals that self-employed and performing artists are overrepresented in those two cities and help compensate for the lower incidence in the other cultural industries. Overall, the elimination of this large industry moderated absolute and relative mis-estimates, but they still range from 16%
under-estimation in the case of Los Angeles and 23% over-estimation in the case of Denver. Thus our finding, that artists' employment by industry varies substantially among metros, stands without the "independent/performing arts" industry.
From this exercise, we conclude that the industry encompassing selfemployed artists and performing artists is best treated as a separate phenomenon, chiefly due to its inclusion of self-employed artists who do not identify as associated with any industry. Using a set of cultural industries that excludes this potpourri "industry" will not change overall findings a great deal, especially in a multi-variate analysis of the determinants of artist location by metro areas. It is regrettable that performing arts establishments are included in this same industry. However, since the Census also records the selfemployment status of respondents, we can use this to estimate the size of this those working for the performing arts and treat the rest as truly independent.
D. Self-Employment Status and Industry Orientation
Being self-employed does not mean that members of an occupation are not oriented toward a particular industry. From work on the film (Scott, 2005) and performing arts sectors (Beyers and GMA, 1999) , we know that many artists regularly work on contract, a relationship typical of the project organization of work in some cultural industries. Relying on interview data, the Beyers study found that only 14% of people working in Seattle dance, theater and music establishments are full time employees, another 39% are part-timers, and 47%
are not counted as employees at all, but work on a contractual or student internship basis. Scott's work reveals the project-based relationships in the motion picture and television industries of Los Angeles. So we cannot assume that artists' presence in a region is unrelated to the presence of cultural industries solely on the basis of their being self-employed. On the other hand, many artists may be attracted to a cultural industry-rich locale simply to enjoy the cultural offerings or for reasons unrelated to culture, such as environmental and recreational opportunities.
Is it possible to explore the extent to which self-employed people are oriented towards particular industries? The Census offers us an opportunity to probe this, because it asks people to identify whether they are self-employed, as opposed to work for a for profit, non-profit, public or household employer, and it also asks them to identify the industry in which they work. Many self-employed artists report or are assigned an industry affiliation, as we show for selected metros in Table 11 . In Kansas City, for instance, many self-employed artists are attached to the "other professional, scientific" industry (largely photographers), and to the printing and publishing industry, reflecting the presence of Hallmark
Cards. More artists working in K-12 in this metro are identified as self-employed than on salary. Similarly, in the Los Angeles metro, high shares of artists associated with the specialized design industry are self-employed. Seattle's independent/performing arts "industry" includes higher shares of self-employed artists than in either Kansas City or Los Angeles, evidence supporting the Beyers interview data. This evidence underscores the failure of employer-based data sources to capture large numbers of people working off-salary in cultural industries.
These data permit us to unpack the independent/performing arts/sports industry and distinguish people who are self-employed from those that are employed. So for instance, in Kansas City, 530 artists reported being selfemployed and unaffiliated with any other industry (though they could be affiliated with the performing arts), with 425 of these reporting wage and salary employment, presumably in the performing arts and not sports. We have thus confirmed that many self-employed artists are working chiefly in one industry and are captured this way by the Census in ways that are not possible with other data bases.
IV. Regional Development Implications
If the occupational composition of key industries is relatively similar across regions, then the case for parallel investigation of occupational formation and industry location is not strong. If however, as we have shown in two different exercises, the spatial division of labor within innovative industries varies across space, both regional analysis and economic development policy should take this into account.
In terms of regional research, this means investigating the relative size and significance of various occupations in the region (and vis-à-vis other regions), including how these occupations serve otherwise disparate industries.
If, as we have yet to demonstrate, the behavior of those who create human capital (workers themselves, their households, and training institutions) is semiautonomous from decisions made by industry managers, then their location calculus should be taken into account. There is circumstantial evidence that artists as a particular case are semi-autonomous. They exhibit relatively high rates of migration among states and regions, and although this is also the case with other high tech occupations, artists' self-employment rates are at least three times higher than the latter, supporting the hypothesis of relative independence from particular job offers (Table 12 ).
Since economic development tools are often designed to incentivize behavior, a more effective regional development strategy would allocate resources across a larger portfolio of investments, including inducements to firms to locate, expand and retain jobs, but also those that shape human capital formation and skilled labor recruitment and retention. 
